A 19-year-old man was referred due to sudden onset of right foot pain and chest discomfort. Contrastenhanced computed tomography revealed massive thrombi in the right pulmonary artery and femoral vein. The patient's father had experienced multiple recurrences of venous thromboembolism (VTE) and was diagnosed with inherited antithrombin deficiency by a genetic examination. The patient was administered the oral factor Xa inhibitor rivaroxaban (30 mg). After seven days, the thrombus disappeared. Rivaroxaban (15 mg) was continued for 6 months with no recurrence, indicating the efficacy of this factor Xa inhibitor for the treatment and prevention of VTE in patients with antithrombin deficiency.
Introduction
Inherited antithrombin (AT) deficiency is an autosomal dominant disorder with an estimated prevalence of 0.02-0.2% (1) . Patients with AT deficiency are at a substantially increased risk of venous thromboembolism (VTE), including deep venous thromboembolism (DVT) and pulmonary embolism (PE). The recommended initial treatment for VTE is the continuous administration of heparin or fondaparinux. However, in patients with AT deficiency, there are potential risks of heparin resistance and thrombus progression because of the low activity of AT (2) . Recently, oral factor Xa (FXa) inhibitors have been proven effective for treating VTE (3); however, the experience of their use in patents with AT deficiency is limited.
We herein report a case of PE and DVT in a patient with inherited AT deficiency, in which the FXa inhibitor rivaroxaban was markedly effective.
Case Report
A 19-year-old man was referred to our center with the sudden onset of right foot pain and chest discomfort. His father and grandmother had a history of DVT and PE, and his father was diagnosed with inherited AT deficiency by a genetic examination. His vital signs on arrival were as follows: heart rate of 110 bpm, blood pressure of 92/64 mmHg, respiratory rate of 24 breaths per minute and oxygen saturation of 95% with 5 L per minute of supplemental oxygen. A physical examination showed prominent IIp sound. Contrastenhanced computed tomography revealed massive thrombi in the right pulmonary artery and the right femoral vein (Fig. 1A) . The patient's serum D-dimer level was elevated (42 μg/mL), and the AT activity and AT antigen level were markedly low (38%, 9.2 mg/dL). Protein C and protein S plasma levels were within the normal range, or no lupus anticoagulant and anticardiolipin antibodies were detected.
Based on the familial history and findings from several examinations, this patient was diagnosed with PE and DVT with inherited AT deficiency. The treatment of PE in the acute phase has been reported to be as follows: hemodynamic and respiratory support, anticoagulation therapy, percutaneous catheter-directed treatment, thrombolytic treatment and surgical embolectomy (4) . Surgical embolectomy and percutaneous catheter-directed treatment were not considered as the first-line therapy in this case because the patient was considered not to be in shock. Thrombolytic treatment using a recombinant tissue plasminogen activator was refused by the patient's parents due to the risk of bleeding complications. Because of the low AT activity, heparin or fondaparinux and transition to a vitamin K antagonist therapy might have taken time to achieve a therapeutic anticoagulant effect. After obtaining written informed consent, we started rivaroxaban 30 mg (15 mg twice a day) for 3 weeks and then reduced the dose to 15 mg per day. Two days after admission, he no longer had foot pain or chest discomfort, and his vital signs dramatically improved as follows: heart rate 66 bpm, blood pressure of 124/72 mmHg, oxygen saturation of 97% without supplemental oxygen. Seven days after admission, the thrombus had disappeared (Fig. 1B) .
Because coagulation tests can be unreliable in the acute phase of VTE, several coagulation tests were performed after discharge. The AT functional activity and antigen level remained low (47%, 10.1 mg/dL), and a genetic examination revealed inherited type I AT deficiency. With 15 mg rivaroxaban daily after 30 mg for 3 weeks, he experienced no recurrence of PTE or DVT during the 10-month follow-up.
Discussion
This case indicated the efficacy of an FXa inhibitor for VTE in a patient with AT deficiency. Patients with AT deficiency are at significantly increased risk for VTE and the onset of thrombotic events occurs between 10 and 35 years of age in 67% of patients with hereditary AT deficiency (5) . Approximately 50-90% of patients with AT deficiency develop VTE during their life-time (6) . The efficacy and safety of rivaroxaban for VTE was well-demonstrated in the EIN-STEIN study (7); however, its efficacy in patients with inherited AT deficiency has not been well established. To our knowledge, this case is the first showing the efficacy of FXa inhibitor for treatment in the acute phase and preventing recurrences of VTE in a patient with AT deficiency.
This case raised two clinically important issues about VTE therapy in patients with AT deficiency. First, FXa inhibitors can exert an anticoagulant effect not influenced by the low AT activity (8) . AT is a potent inactivator of thrombin and factor Xa and a major inhibitor of blood coagulation (Fig. 2) . Rivaoxaban may act directly without the participation of AT and thereby provide a valid anticoagulant effect, particularly for AT-deficient patients. Second, FXa inhibitors can result in a faster onset of anticoagulation than heparin The efficacy of AT replacement therapy for patients with inherited AT deficiency has been described in several case reports (10, 11) . However, no randomized clinical trials have been reported assessing the efficacy for AT replacement therapy and no consensus statements exist as to when to use AT concentrates and when not to use them (6) . In addition, AT concentrates are expensive.
The possible utility of other direct oral anticoagulants, especially other FXa inhibitors, for the treatment and prevention of VTE in patients with AT deficiency is worth discussing. An animal experimental study suggested that edoxaban, another FXa inhibitor, might be effective in patients with low plasma AT concentrations (12) . Kawano et al. reported a case report on the efficacy of edoxaban for VTE in a cancer patient with AT deficiency (13) . Theoretically, other FXa inhibitors should also be effective in VTE patients with AT deficiency. Inherited AT deficiency is dived into type I deficiency, in which both the functional activity and antigenic levels of AT are reduced, and type II deficiency, in which normal antigen levels are found with low AT activity. Type II deficiency is further divided into three types; IIa, IIb, and IIc, according to their site of defect as determined by a genetic analysis (14) . The present patient was revealed to type I AT deficiency based on AT activity and antigen assay and a genetic examination. It has been reported that type I hereditary AT deficiency is associated with a greater risk of VTE than type II AT deficiency and other thrombophilias (15) .
However, there are no guidelines nor any consensus about how long oral anticoagulants should be continued in order to prevent the recurrence of VTE in patients with AT deficiency. The risk of recurrent VTE in patients with AT deficiency not treated with long-term anticoagulation is reportedly high (16). The present patient experienced no recurrence with 15 mg rivaroxaban for 10 months. Therefore, FXa inhibitors may be effective preventing VTE recurrence in patients with AT deficiency. Our patient may require oral anticoagulant throughout his life because he has symptomatic type I AT deficiency, which is associated with a higher risk of VTE recurrences than other thrombophilias.
Rivaroxaban proved to be effective for the treatment and prevention of the recurrence of VTE in patients with AT deficiency. Further studies involving a greater number of cases are needed to clarify the efficacy of FXa inhibitors for VTE in patients with AT deficiency.
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